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Abstract 
Maintenance activities in a large-scale engineering system are usually scheduled 
according to the lifetimes of various components in order to ensure the overall reliability of 
the system. Lifetimes of components can be deduced by the corresponding probability 
distributions with parameters estimated from past failure data. While failure data of the 
components is not always readily available, the engineers have to be content with the 
primitive information from the manufacturers only, such as the mean and standard deviation 
of lifetime, to plan for the maintenance activities. In this paper, the moment-based piecewise 
polynomial model (MPPM) are proposed to estimate the parameters of the reliability 
probability distribution of the products when only the mean and standard deviation of the 
product lifetime are known. This method employs a group of polynomial functions to estimate 
the two parameters of the Weibull Distribution according to the mathematical relationship 
between the shape parameter of two-parameters Weibull Distribution and the ratio of mean 
and standard deviation. Tests are carried out to evaluate the validity and accuracy of the 
proposed methods with discussions on its suitability of applications. The proposed method is 
particularly useful for reliability-critical systems, such as railway and power systems, in 
which the maintenance activities are scheduled according to the expected lifetimes of the 
system components. 
Keywords: Weibull distribution; Parameter estimation; Failure data; Mean and standard 
deviation  
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Component Reliability Estimations without Field Data 
 
1 Introduction 
The parameters of reliability distributions are usually estimated by the collected failure 
data, which mainly come from two sources. The first type, testing data, is from a controlled 
life test and the second, field data, is observed and collected in actual operations. The 
commonly adopted estimating methods based on the above two sources of failure data, 
regardless of the sample size of failure data, include Probability Paper Plot (PPP) [1], moment 
estimation [2, 3], percentile estimation [4], maximum likelihood estimation [5, 6] and 
Bayesian estimation [7, 8]. In practice, the above methods are proven to be sufficiently 
effective and accurate. However, with the advance development of manufacturing techniques 
and improvement of product reliability, attaining sufficient failure data, testing or field, 
becomes difficult. For example, some major electrical components in railway traction supply 
systems, such as insulators and transformers, have reasonably long lifetimes, which generally 
reach 20~25 years or even beyond. For such systems, engineers are required to estimate the 
parameters of the reliability distribution when manufacturers can only provide the mean and 
standard deviation of lifetime of their products.     
To meet the above need, a parameter estimation method, moment-based piecewise 
polynomial model, is proposed in this paper. Its purpose is to devise the two parameters of the 
Weibull distribution from the manufacturers’ data on the mean and standard deviation of 
component lifetime, in the absence of any testing or field data on components failures. 
The outline of this paper is as follows. Sections 2 and 3 briefly present the collection and 
analysis on failure data as well as the estimation methods on component reliability. The 
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moment-based piecewise polynomial method is proposed in Section 4. Tests are undertaken to 
confirm the validity of the proposed method. Finally, example study and conclusions are 
given in Sections 5 and 6 respectively.  
 
2 Collection and analysis on failure data  
2.1 Failure data collecting 
Failure data of components are commonly classified into two sources: testing and field 
data. Testing data is usually attained under a controllable and/or simulated experimental 
environment; field data is obtained from the practical operation. There are always difficulties 
in collecting the failure data from large-scale engineering systems. 
(1) The lifetimes of the components in large-scale engineering systems are usually very 
long. In particular, as many components are regularly maintained or replaced well before their 
failures, the accuracy of collected failure data cannot be guaranteed. 
(2) Because of the diversified operation conditions of the system, collecting failure data 
through simulation tests may come with many disadvantages, such as high cost, long 
processing time and low precision. 
2.2 Failure data analysis 
 The analysis of failure data provides the essential information for further modeling of the 
reliability of components. Common non-parametric methods include empirical distribution 
and residual function, probability plot test, Kaplan-Meier estimators [9], Nelson estimators 
[10] and total time test [11]. They are employed to analyze the reliability of components in 
large-scale engineering systems based on collected failure data.   
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3 Estimation methods on component reliability 
Reliability models include exponential distribution, normal distribution, Weibull 
distribution, or logarithmic normal distribution. Weibull distribution is the most widely used 
in reliability engineering. The estimation methods of reliability distributions [12] mainly 
include: moment estimation, maximum likelihood estimation and Bayesian estimation. 
Moment estimation is however not suitable for censored data [12, 13]. Maximum likelihood 
estimation can be applied to model the reliability for both complete and censored data. 
Bayesian estimation has attracted more attention recently from researchers. However, it is also 
limited by difficulties [13] as the computational demands are very high for the reliability 
models with multiple parameters. 
Mean time to failure (MTTF) is widely employed to evaluate the reliability of 
components and defined as below.  
 ( ) ( )
0 0
MTTF tf t dt R t dt
∞ ∞= =∫ ∫            (1) 
It is very difficult to obtain the failure data of components in large-scale engineering 
systems because of their long lifetime of over 15 to 20 years or even longer [14, 15] and the 
compulsory replacement prior to failures. This study is to model the reliability of components 
in large-scale engineering systems when only the mean and standard deviation of the lifetime 
of the components are known from manufacturers. 
 
4 Moment-based Piecewise Polynomial Model  
4.1 Weibull distribution 
Weibull distribution was first proposed in a study on failure distribution of material 
strength [16]. For the last 50 years, Weibull distribution has been widely adopted in 
reliability engineering, such as the analysis of material strength [17-20], software reliability 
[21], lifetime prediction and aging analysis [22-25], the reliability evaluation of power 
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systems [26-28]. There are three obvious virtues in applying the Weibull distribution: 
(1) It has been well proven in practical applications and supported by a wealth of 
methodologies and tools. It is also widely used in modeling the failures of mechanical, 
electrical and electronic equipments. 
(2) The two flexible-setting parameters allow modeling of different types of failure 
trends. 
 (3) Compared with the normal or logarithmic distribution, the reliability functions of 
Weibull distribution are in simpler analytical expressions.  
Weibull distribution is one of the most commonly used approaches to model the 
reliability of components in power systems [29]. It has also been adopted in the modeling of 
the lifetime of components in railway systems [30]. In addition, the relationships between the 
mean and standard deviation of Weibull distribution can be mathematically expressed as 
below. 
11μ α β
⎛ ⎞= Γ +⎜ ⎟⎝ ⎠                                    (2) 
   2 2 22 11 1σ α β β
⎡ ⎤⎛ ⎞ ⎛ ⎞= Γ + −Γ +⎢ ⎥⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠⎣ ⎦
                     (3) 
where ( ).Γ  denotes Gamma function.  
To estimate the parameters of Weibull distribution with known mean and standard 
deviation of component failure, the moment-based piecewise polynomial method is proposed.  
4.2 Moment-based Piecewise Polynomial Method (MPPM) 
A moment-based polynomial method, involving a group of piecewise functions to 
estimate the parameters of Weibull distribution with known mean and standard deviation of 
failures only is presented here. There are individual or a set of simple mathematical functions 
to describe the relationship between the ratio μσ  and the parameter β  of Weibull 
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distribution, as detailed in Appendix A and it is defined as ( )hμ βσ = . Table 1 indicates that 
its first derivative function, ( )h β′ , is literally constant and hence ( )βh  can be 
approximately regarded as linear when 10β > . 
Similarly, the inverse function 1( )h μβ σ
−=  is also linear, whose slope is 1.283 within 
( (10), )h +∞ . However, when (10)hμσ < , especially with 0β → , the function 
1( )h μσ
−  
cannot be directly expressed by a simple function unless a number of complex piecewise 
functions are employed. 
In this paper, the function 1( )h μσ
−  is separately assembled to fit the cases when μσ  is 
within the regions (0.06,1] , (1,10]  and (10, )+∞ . The function ( )h β  is fitted piecewise to 
overcome the difficulty of not having the function 1( )h μσ
−  well approximated when μσ  is 
within (0,0.06]. With the aid of curve-fitting toolbox in the Matlab, Table 2 lists the most 
suitable polynomial functions and their sum squared error (SSE), coefficient of determination 
(R_Square), adjusted coefficient of determination (Adjusted R_Square) and root mean 
squared error (RMSE) in each region. If the estimation is completely accurate, SSE and 
RMSE are expected to be 0 while R_Square and Adjusted R_Square should go to 1. 
The estimator of the scale parameter can be calculated with the known value of βˆ  by 
the following equation. 
ˆ ˆ(1 1/ )
μα β= Γ +                                     (4) 
To ensure the effectiveness and accuracy of the MPPM, computation tests have been 
carried out. In these tests, random samples drawn from the Weibull distribution with known 
parameters are estimated by the MPPM and the errors between actual and estimated 
parameters are analyzed. The size of random samples from the Weibull is 500. This 
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recommended sample size is discussed in the Appendix B. The detailed procedure of the 
computation test is illustrated in Figure 1.  
The conditions of the computation tests are described as follows: 
·The estimation on the random samples in each combination of given parameters α  
and β  is performed 100 times; 
·The range of step of β  to be tested varies from 0.1 to 10.0 with the step size of 0.1; 
·The steps of α  to be tested are 0.01, 0.1, 0.2, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 50, 
100, 500, 1000 and 2000. 
The MRE analysis is performed according to the following equations. 
  ˆ
1
ˆ1 n i
i
MRE
nα
α α
α=
⎛ − ⎞= ⎜ ⎟⎝ ⎠∑           (5) 
  ˆ
1
ˆ1 n i
i
MRE
nβ
β β
β=
⎛ ⎞−⎜ ⎟= ⎜ ⎟⎝ ⎠
∑           (6) 
where ˆiα  and ˆiβ  are the estimators of parameters in the i th calculation, for 1 i n≤ ≤ , 
n  denotes the total number of calculations. 
The results of the tests are summarized as below. 
    (1) In the case of 0.5β < , the MREs of the estimators αˆ  and βˆ  are more than 10%. 
Thus, the piecewise polynomial function is not a suitable method in this case. 
(2) In the case of 0.5β ≥ , the MREs of the estimators αˆ  and βˆ  are quite small. As 
shown in Figure 2(a) and 2(b), only when β  approaches 1.0, the MREs of the estimator βˆ  
are slightly larger than 5%.  
(3) The scale parameter α  is set to 0.01, 6, 100, and 2000 for further analysis. In the 
case of 0.5 1.5β< < , the MREs of the estimators αˆ  and βˆ  are about 5% except when β  
approaches 1.0. In the case of 1.5 10β< ≤ , the MREs of the estimators αˆ  are less than 2% 
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and the MREs of the estimator βˆ  vary between 2% and 4%. Detailed comparisons are 
illustrated in Figure 3. 
From the above analysis, the proposed MPPM is suggested to estimate the parameters of 
two-parameter Weibull Distribution for 0.5β ≥  (i.e. 0.446μσ ≥ ). Thus, Eq.(7) is finally 
proposed to calculate the parameter β . 
3 2
2
0.1019 0.005769 0.7468 0.1593 (0.446,1.0]
0.006241 1.184 0.2782 (1.0,10]
1.283 0.7214 (10, )
μ μ μ μβ σ σ σ σ
μ μ μβ σ σ σ
μ μβ σ σ
⎧ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞= − + + ∈⎪ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎪⎪⎪ ⎛ ⎞ ⎛ ⎞= + − ∈⎨ ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠⎪⎪ ⎛ ⎞= − ∈ +∞⎪ ⎜ ⎟⎝ ⎠⎪⎩
        (7) 
 
5 Example Study 
The failure data of three types of components in a real system [32], as listed in Table 3, 
are studied through the method proposed. Three groups of failure data are assumed to yield to 
two-parameter Weibull Distribution, whose mean lifetimes and corresponding standard 
deviations are given in Table 3.  
The reliability of example data, which is considered as the reference data in this example 
study, is calculated by the median-rank method [1] as in the following expression. 
                  0.3( ) 1
0.4i
iR t
n
−= − +                                (8) 
where 1,2,...,i n=  denotes the order of failure and n  is the number of failure data. 
The proposed MPPM is used to estimate the parameters of two-parameter Weibull 
Distribution according to the mean lifetimes of the components and their standard deviations 
in Table 3. The estimation results are listed in Table 4 and compared with those results 
estimated by a number of existing methods based on the real failure data from [32] in Table 3, 
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including curve-fitting [32], linear regression [12], and the maximum likelihood estimation 
(MLE) method through the software Reliasoft®. These existing methods are used here to 
indicate that the accuracy of the proposed methods without failure data is sufficiently high. 
From Table 4, the estimated parameters by the proposed method are quite close to those 
of the three existing methods. The correlative degrees (represented by correlative coefficient, 
the more it approaches 1, the higher the correlation is) between the reliability calculated by 
the proposed method and the reference data are high, as indicated in Table 4. In addition, the 
sum squared errors (SSE) between estimated reliability, though either the proposed method or 
the existing methods, and the reference data are very close. These results verify that the 
proposed methods are suitable in estimating the parameters of two-parameter Weibull 
Distribution when only the mean lifetime and standard deviation of products are provided by 
manufacturers.     
 For simple comparisons, the reliability reference data of the component 206-011-147-007 
and the results by the four different methods are illustrated in Figure 4. It should be noted that 
the estimated reliability by the proposed method in this paper closely matches the reference 
data. 
6 Conclusions 
The moment-based polynomial method to estimate the parameters of two-parameter 
Weibull Distribution with the known mean and standard deviation of the product lifetime and 
in the absence of actual failure data are presented. The ratio of the mean and standard 
deviation is regarded as the basic criterion of the application of the proposed method. A 
piecewise polynomial function is selected from Eq.(7) according to the ratio μσ . It has been 
verified that the estimated result from the proposed method is very close to those from the 
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existing methods based on actual failure data through the example study. 
In practice, when equipped with the proposed methods, engineers are able to 
conveniently and accurately estimate the parameters of reliability distributions in the 
situations where only the mean lifetime and its standard deviation of components are 
available from manufacturers, and they may proceed to build the reliability distribution of 
components accordingly. Accurate estimation to the reliability parameters of system 
components are essential to the full utilization of components, their maintenance activities 
and scheduling of such activities. 
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Appendix A  Mathematical relationship between the parameters of two-parameter 
Weibull Distribution and the statistics of sample data 
Given that the sample mean and standard deviation of two-parameter Weibull 
Distribution are known and let 
2
( )f σβ μ
⎛ ⎞= ⎜ ⎟⎝ ⎠  and from Eq.(2) and Eq.(3), 
                       2
(1 2 / )( ) 1
(1 1/ )
f ββ β
⎛ ⎞Γ += −⎜ ⎟Γ +⎝ ⎠                (A.1)       
Hence, 
2 2
(1 1/ ) (1 2 / )2 (1 2 / )
(1 1/ ) (1 2 / )d ( )( )
d (1 1/ )
ff
β ββ β βββ β β β
′ ′⎛ ⎞Γ + Γ +Γ + −⎜ ⎟Γ + Γ +⎝ ⎠′ = = Γ +  
     Let (1+x)(1 x)
(1+x)
g
′Γ+ = Γ , and Eq.(A.2) exists. 
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1
1 1(1 x)
n
g
x n n
γ ∞
=
⎛ ⎞+ = − − −⎜ ⎟+⎝ ⎠∑                    (A.2) 
(1 x)g +  is an increasing function with x , and ( ) 0f β′ < , i.e., ( )f β  is a 
monotonously decreasing function with β . Moreover, lim ( ) 0fβ β→∞ = , thus ( ) 0f β >  when 
(0, )β ∈ +∞ , and let ( )h μβ σ= , 
               
1
1 2
2
2
(1 2 / )( ) ( ) 1
(1 1/ )
h f ββ β β
−− ⎛ ⎞Γ += = −⎜ ⎟Γ +⎝ ⎠              (A.3) 
    For example, (1) 1h ≈ , (8) 6.74h ≈ , (10) 8.31h ≈  and (0.5) 0.446h ≈ . 
    ( )
1.5
2 2 2
2 (1 2 / ) (1 1/ ) (1 2 / ) (1 2 / )( ) 0.5 / 1
(1 1/ ) (1 1/ )
g g
h
β β β ββ β β β
⎛ ⎞Γ + + − +⎛ ⎞ ⎛ ⎞Γ +′ = − −⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟Γ + Γ +⎝ ⎠⎝ ⎠⎝ ⎠
 
when (0, )β ∈ +∞ , ( ) 0h β′ > , i.e. ( )h β  is a monotonously increasing function with 
(0, )β ∈ +∞  and it is shown in Figure A(a). Its inverse function 1( )h μσ
−  is also a 
monotonously increasing function, as shown in Figure A(b). For example, 1(1) 1h− ≈ ,  
1(6.74) 8h− ≈ , 1(8.31) 10h− ≈  and 1(0.446) 0.5h− ≈ . 
 
Appendix B  Size of random samples from Weibull in computation tests  
Computation tests are used to validate the proposed methods and analyze their accuracy 
using different random samples from Weibull. The accuracy analysis of samples of different 
sizes is carried out by the reliability software Reliasoft® through the analysis of MSEs (Mean 
Square of Errors) and MAEs (Mean Absolute Errors) between actual and estimated 
parameters. With the consideration of computation efficiency and precision, the minimum 
random sample size will be recommended.  
Weibull samples in the tests are randomly generated by Eq.(B.1). 
1/( ln(1 ))t u βα= − −                                 (B.1) 
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where u  is yielded from the uniform distribution (0,1)U . 
To ensure the suitable size of Weibull random samples, ten tests with the same parameters of 
1000α =  and 2.0β =  are first carried out and each test is repeated for 20 times. The 
estimators of Weibull parameters through the reliability software Reliasoft® are evaluated. 
Table A indicates the MSEs and MAEs of the estimators of parameters, βˆ  and αˆ . Figure A 
shows the trend of the estimators of parameters α  and β  with the increasing sample sizes. 
The estimators of the parameters α  and β  do not show significant change when the 
sample size is larger than 500. In this study, the minimum sample size of 500 is recommended 
in the computation tests. 
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Figures: 
 
Figure 1 Flow chart of the tests for MPPM 
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(a) Scale parameters α  
 
                (b) Shape parameters β  
Figure 2 MREs of test estimations through MPPM 
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(c) Scale parameters 100α =               (b) Scale parameters 2000α =  
Figure 3 The comparisons among MREs of the estimated parameters of Weibull with given shape 
parameters α  ( ˆ 0.01,6,100, 2000α = ) 
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Figure 4 The comparisons between the reference data and the results of the component 
206-011-147-007 by the different methods 
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(a) ( )hμ βσ =                           (b) 
1( )h μβ σ
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Figure A.1 Mathematical relationships between μσ  and β  
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Figure B.1 MSE and MAE of estimators on random samples of different size 
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Tables: 
 
Table 1 Trend of ( )h β′  with increasing β   
β  0 1 10 100 1000 +∞
( )h β′  0 1 0.7847 0.7798 0.7797 0.7797 
 
 
Table 2 Fitting results of polynomial functions between β  and μσ  
μ
σ  Fitting polynomial function  SSE* R_Square** Adjusted R_Square*** RMSE****
(0,0.06] 
5 4 3
2
690.3 294.8 26.37
0.5184 0.01311 0.0002934
μ β β βσ
β β
= − + − +
+ +
 
1.08e-7 1.0 1.0 9.114e-5
(0.06,1]  
3 2
0.1019 0.005769
0.7468 0.1593
μ μβ σ σ
μ
σ
⎛ ⎞ ⎛ ⎞= −⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠
⎛ ⎞+ +⎜ ⎟⎝ ⎠
 
1.541e-4 1.0 1.0 1.415e-3
(1,10]  
2
0.006241 1.184 0.2782μ μβ σ σ
⎛ ⎞ ⎛ ⎞= + −⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ 0.04309 1.0 1.0 0.01988
(10, )+∞  1.283 0.7214μβ σ
⎛ ⎞= −⎜ ⎟⎝ ⎠
 0.02406 1.0 1.0 0.004937
* SSE: Sum Squared Error 
         ** R_Square: Coefficient of determination.  
         *** Adjusted R_Square: Adjusted coefficient of determination. 
         **** RMSE: Root Mean Squared Error 
 
Table 3 Failure data of components from [32] 
Components code 206-011-147-005 206-011-147-007 206-011-154-105 
Mean lifetime 461.9167 438.5556 1142.6 
Standard deviation of mean lifetime 255.8019 264.0317 1146.901 
Lifetime(hours) 
156.5, 213.4, 
265.7, 265.7, 
337.7, 337.7, 
406.3, 573.5, 
573.5, 644.6, 
744.8, 1023.6, 
16.9, 117.53， 
207.53, 209.53, 
270.2, 354.5, 
392.1, 410.1, 
410.1, 495.9, 
564.5, 573.6, 
573.6, 750.1, 
750.1, 920.6 
158.7, 420, 
607.4, 751.1, 
838, 1088.4, 
1163, 1199.8, 
4057 
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Table 4 Results by different estimation methods 
Components code Estimation methods αˆ  βˆ  Correlative coefficient SSE* 
Curve fitting method 517.3715 1.798800 0.9853308 0.027157
Linear regression method 530.3920 1.936156 0.9830079 0.035746
MLE method 524.2982 2.024900 0.9825018 0.039113
206-011-147-005 
The proposed MPPM 520.3670 1.880200 0.9843570 0.029626
Curve fitting method 463.5824 1.587600 0.9917630 0.074005
Linear regression method 518.9706 1.164328 0.9928848 0.100278
MLE method 486.2304 1.757700 0.9929669 0.035548
 
206-011-147-007 
The proposed MPPM 493.7728 1.852100 0.9924440 0.028458
Curve fitting method 1100.775 1.000000 0.8567774 0.082867
Linear regression method 1250.821 1.20608 0.8577567 0.067783
MLE method 1230.092 1.219500 0.8485516 0.063427
 
206-011-154-105 
The proposed MPPM 1141.800 0.998300 0.8539100 0.079489
* SSE: Sum Squared Error between estimated reliability data and example reliability data. 
 
 
Table B.1 Weibull random samples and the errors according to different estimators 
Random sample characters Reliasoft® parameter estimation 
Test No β  Test No β  Test No β  Test No β  
1 2 1000 10 0.750854 30364.89 0.62145 143.679 
2 2 1000 20 0.105948 11981.6 0.258415 83.82105 
3 2 1000 50 0.05549 3898.936 0.18955 50.23744 
4 2 1000 100 0.026643 1808.969 0.13287 33.53724 
5 2 1000 200 0.013605 1389.34 0.09563 30.70653 
6 2 1000 500 0.002818 725.7356 0.041885 20.32622 
7 2 1000 1000 0.001908 195.2996 0.033185 11.7551 
8 2 1000 2000 0.001605 194.9472 0.03163 11.70284 
9 2 1000 5000 0.000442 25.38463 0.01624 3.766255 
10 2 1000 10000 0.000284 33.64175 0.014125 4.780145 
 
 
